This paper introduces indicators of regional related variety and unrelated variety to conceptually overcome the current impasse in the specialisation-diversity debate in agglomeration economics. Although various country-level studies have been published on this conceptualisation in recent years, a pan-European test has until now been missing from the literature. A pan-European test is more interesting than country-level tests, as newly defined cohesion policies, smart-specialisation policies, place-based development strategies and competitiveness policies may be especially served by related and unrelated variety conceptualisations. We test empirically for the significance of variables based on these concepts, using a cross-sectional dataset for 205 European regions during the period 2000-2010. The results confirming our hypotheses are that related variety is significantly related to employment growth and that specialisation is significantly related to productivity growth. We do not find robust relationships that are hypothesised between unrelated variety and unemployment growth. Our analyses show that evolutionary economic geography and institutional and policy-based regional development may be integrated fruitfully at the European level.
Introduction
This paper focuses on agglomeration circumstances influencing economic growth across European urban regions. Empirical studies on agglomeration economies are characterised by a high diversity of approaches. Rosenthal and Strange (2004) present a brief review of papers focusing on urbanisation economies as advantages of cities applying to every firm or consumer. Noteworthy is that most early (pre-1990s) works on agglomeration simply used cities' population as a measure of agglomeration. These studies assume that the population elasticity of productivity is constant. Rosenthal and Strange (2004) conclude that this literature has found relatively consistent evidence: doubling the population of a city increases productivity by 3-8%. Since the findings of Glaeser et al. (1992) , it has become more commonplace to analyse growth variables using employment in cities, suggesting a relationship between agglomeration and economic growth and thereby introducing the possibility that increasing returns in an urban context operate in a dynamic, rather than static, context. Sector-specific localisation economies, stemming from input-output relations and firms' transport cost savings, human capital externalities and knowledge spill-overs, are generally offset against the general urbanisation economies defined earlier using conventional measurements. A large body of literature builds on this new conceptualisation of agglomeration economies, as reflected in three recent overviews and meta-studies. These studies show that the relation between agglomeration and growth is ambiguous and indecisive with regard to whether specialisation or diversity is facilitated by (sheer) urbanisation as context. The first goal of this paper is to take a step towards the concept of renewal as a possible way out of this currently seemingly locked-in debate and to introduce related and unrelated variety as concepts in the empirical modelling of growth across European regions.
These concepts have until now been tested only at the country level in Europe 1 , and no panEuropean test has been provided due to data limitations. This paper provides a first panEuropean test of these concepts.
The second goal of the paper is to contribute to the recent policy discussion on place-based or place-neutral development strategies in the European Union. This debate is highlighted in the context of a series of recent major policy reports: the place-neutral policies in the 2009 World Bank report (World Bank 2009 ) and the European place-based development strategies in the studies of Barca (2009) and Barca et al. (2012) . As highlighted by Van Oort & Bosma (2013) and Barca et al (2012) , place-neutral strategies rely on the agglomerative forces of the largest cities and metropolitan regions to attract talent and growth potential. Place-based development strategists claim that the polycentric nature of a set of smaller and medium-sized cities in Europe (often also called 'second-tier' cities), each with its own peculiar characteristics and specialisation in the activities to which it is best suited, creates fruitful urban variety, which optimises economic development. This perspective implies that mediumsized city-regions have not declined in importance relative to larger urban ones, a proposition that has indeed been indicated in monitoring publications by the OECD (2009, 2011, 2012) .
Until now, however, there has been little empirical support for explanations based on the concepts of related and unrelated variety and sectoral specialisation.
For our empirical testing, we use a fairly standardised setup entailing the cross-sectional modelling of agglomeration externalities and economic growth (employment growth and productivity growth between 2000 and 2010) that distinguishes among various drivers of localised growth processes. In line with Dogaru et al (2011) , we show that this type of modelling is informative for competitive and cohesive growth policies in the European Union, especially those with a focus on the role of (polycentric) medium-sized urban regions.
This paper is structured as follows. Section 2 introduces the current locked-in debate on specialisation versus diversity dominance in agglomeration economics. This section shows that the dominance of neither concept can be established and that conceptual renewal is needed to move past this controversy. Section 3 introduces related and unrelated variety as such a conceptual renewal to act in empirical modelling instead of generalised indicators for urbanisation economies that have usually been applied in modelling. This section ends with three hypotheses concerning the effects of related variety, unrelated variety and sectoral specialisation on regional economic development. A fourth hypothesis is formulated based on the polycentric nature of (smaller and medium-sized) European regions in relation to economic development. Section 4 introduces the data and variables used in our regional crosssectional growth models. Section 5 presents our modelling outcomes for regional employment growth, productivity growth and unemployment growth for the period 2000-2010. Section 6 concludes and directly addresses the four hypotheses and the issues of polycentricism and place-based development strategies.
Agglomeration economies between specialisation and diversity
Agglomeration economies in relation to urban and regional growth are receiving attention in an ever-burgeoning literature on its causes, magnitude and (policy) consequences. Gleaser et al. (1992) and Henderson et al. (1995) that, respectively, advocate sectoral diversity and specialisation as the main economic-geographic circumstance propagating growth. The dichotomy specialisation-diversity has ever since been treated as a rather strict division -many studies try to find the definitive answer to the question "Who is right: Marshall or Jacobs?". Although practically every study conducted in the framework tries to conclude that either specialisation or diversity is a driver of growth and innovation, the studies by Van Oort (2004) , Paci and Usai (1999) , Neffke et al. (2011) Shefer and Frenkel (1998) , Duranton and Puga (2000) and O'Hualloachain and Lee (2011) prove that this is in fact not an "either-or" question, finding that both specialisation and diversity matter for regional economic performance -on different geographical levels, for different time periods, over the industry life-cycle and in different institutional settings.
That the specialisation-diversity issue is not an "either-or" question has now been concluded by two meta-studies and an extensive overview of all published empirical analyses on this matter (De Groot et al. 2009 , Melo et al. 2009 , Beaudry and Schiffauerova 2009 to a recent revival of interest in the role of specific forms of variety, specifically related and unrelated variety (Frenken et al. 2007 ). Jacobs (1969) initiated the idea that the variety of a region's industry or technological base may affect economic growth. Frenken et al. (2007) state that variety and diversification consist of related and unrelated variety, arguing that not simply the presence of different technological or industrial sectors will trigger positive results but that sectors require complementarities that exist in terms of shared competences. This need induces a distinction in related and unrelated variety because knowledge spill-overs will not transfer to all different industries evenly, due to the varying cognitive distances between each pair of industries. It is argued that industries are more highly related when they are closer to each other within the SIC classification system. Frenken et al. (2007) find that for Dutch urban regions, the positive results of knowledge spill-overs are higher in regions with related variety, whereas regions characterised by unrelated variety are better hedged for economic shocks (portfolio effect). The authors also find marked differences between employment growth and productivity growth. An interesting theoretical contribution to the specialisationvariety debate that focuses on these explained variables has been provided by lifecycle theory, which holds that industry evolution is characterised by product innovation (and more employment growth) in a first stage and process innovation (and more productivity growth) in a second stage. This distinction does not imply that product innovation occurs exclusively at the time of birth of a new industry, with process innovation only occurring thereafter. Rather, product lifecycle theory assumes that product innovation peaks before process innovation peaks. In accordance with the economics of agglomeration, evolutionary economists also stress the important role of variety in creating new varieties. In other words, Jacobs' externalities are assumed to play an important role in urban areas in creating new varieties, new sectors and employment growth. When firms survive and become mature, they tend to standardise production and become more capital-intensive and productive.
This background leads to three hypotheses on the relation between specialisation, variety and economic development in regions:
Hypothesis 1: Urban regions with a sector structure of related variety experience an increased rate of product innovation, co-evolving with higher employment in the short run and with both higher employment and higher productivity in the long run. We summarise this hypothesis as follows to create a testable version for this paper: In the short run, employment growth is positively related to related variety and negatively related to specialisation.
Hypothesis 2: Regions with a sector structure of unrelated variety experience fewer job losses from asymmetric shocks, which leads to lower unemployment. This phenomenon is more pronounced in the long run than in the short run. We summarise this hypothesis as follows to create a testable version for this paper: In the short run, labour productivity growth is positively related to specialisation.
Hypothesis 3: Regions with a sector structure of specialisation experience an increased rate of process innovation and reduced production costs, which leads to higher productivity. This phenomenon is more pronounced in the short run than in the long run. To the extent that process innovation is labour saving, it will lead to lower employment in both the short and long runs. We summarise this hypothesis as follows to create a testable version for this paper:
In the short run, unemployment growth is negatively related to unrelated variety.
A fourth hypothesis relates the agglomeration concepts to urban size and structure. In Europe, the character of urban regions is fundamentally different from that of urban regions in other parts of the world (such as the US and Asia). It is exactly this urban structure that has fuelled the recent place-based versus place-neutral development debate. Barca et al. (2012) and Van Oort & Bosma (2013) summarise the place-and people-based policy debate in the European context in detail. Based on current economic geographical theories of innovation and the density of skills and human capital in cities, globalisation, and endogenous growth through urban learning opportunities, spatially blind approaches argue that intervention, regardless of context, is the best way to resolve the old dilemma of whether development should be about "places" or "people" (Barca et al. 2012, p. 140) . It is argued that agglomeration in combination with encouraging people's mobility not only allows individuals to live where they expect to be better off but also increases individual incomes, productivity, knowledge, and aggregate growth (World Bank 2009). Consequently, development intervention should be space-neutral, and factors should be encouraged to move to where they are most productive.
In reality, this phenomenon occurs primarily in large cities. In contrast, the place-based approach assumes that the interactions between institutions and geography are critical for development, and many of the clues for development policy lie in these interactions.
Investigating the interactions between institutions and geography to understand the likely impacts of a policy requires the explicit consideration of the specifics of the local and regional contexts (Barca et al. 2012, p.140) . The various forms that proximity may take in networks (e.g., physical, social, technological and institutional) are important in this respect.
According to place-based development strategists, economic growth is not uniquely related to mega-city regions (Barca et al. 2012) . Instead, growth may be distributed across various urban systems in different ways in different countries (OECD 2009 (OECD , 2011 . The place-based approach's emphasis on interactions between institutions and economic geography has allowed for the examination of urban development in European cities of all sizes. Because the roles of very large and small communities have been addressed extensively in the literature, Barca et al (2012) emphasise the simultaneous role of medium-sized ('second tier') cities and argue that these are over-represented in Europe. Many highly productive cities in the EU are indeed small-to medium-sized cities whose dominant competitive advantage is that they exhibit high degrees of connectivity compared to urban or home market scales. This phenomenon leads to the formulation of our fourth hypothesis: 
Data and variables used in empirical analysis
Our empirical analysis will test the relationship between productivity growth and employment growth in distinctive large, capital regions in Europe on the one hand and more polycentric medium-sized and small urban regions on the other, controlling for other important factors, and will make conclusions on the place-based policy implications suggested in the recent policy discourse. To test our hypotheses, we conduct an empirical analysis on growth Marginal variety may be computed at all four-digit SIC levels in the dataset, indicating an increase in variety when moving from one digit level to the next. Because the marginal entropy levels at the three-and four-digit levels are correlated strongly, we chose to compute the marginal increase when moving from the one-digit level to the four-digit level. We label this variety indicator as related variety, as opposed to the two-digit level entropy, which we associate with unrelated variety. We will include both types of variety to test whether related variety and unrelated variety have different effects.
The maps of related and unrelated variety in European regions are provided in figures 1 and 2, which present two different regional patterns for related variety (two-digit variety) and unrelated variety (marginal increase in entropy when moving from one-to four-digit differences). As the maps clearly show, variety at high levels of aggregation shows little resemblance with variety at low levels, which strongly suggests that the choice of sector aggregation is not trivial. (specialisation) and diversity economies but to pure urban size effects (Frenken et al. 2007 ).
In general, the literature suggests that higher density enables better interaction, enhancing growth (Puga 2002 ).
We measured the average educational level of regions by the percentage of the tertiary and higher educated population within the total population. The relationship of education with (employment and productivity) growth is thought to be positive, as more highly skilled people can be more productive, and agglomeration may attract more of these people. Remarkably low scores on this indicator are found in eastern European regions and Italian regions. The regional wage level, as an indicator of personal income, is hypothesised to be positively related to growth. The wage level variable is highly correlated with GDP per capita as an indicator. Higher wage levels and productivity levels are also highly correlated. In the productivity growth models, the wage level is thus excluded from the analysis (and the productivity level is included). Market potential is measured by a gravity equation on production in all regions, corrected for distances. Finally, a dummy variable is introduced into the models for large and capital regions opposed to medium-sized and smaller regions. The degree of urbanisation over the 205 regions is determined by the distribution of classes distinguished in OECD (2012, 2013) comprising large and capital regions (at least 3 million inhabitants), medium-sized regions (between 1.5 and 3 million inhabitants) and small regions (fewer than 1.5 million inhabitants). Although this distinction differs from the one originally presented for all cities in the world in OECD (2012, 2013) , these cut-off points yield a distribution for the European regional classification adopted in this paper that is comparable to the OECD distribution on a global scale. In our analysis, large and capital regions are categorised within the large urban regime, and small-and medium-sized regions are categorised within the medium-sized urban regime.
To avoid multicollinearity in our models, we tested for high correlations among these explanatory variables, and we analysed variance inflation factors for each variable added to the models. None of the correlations is disturbingly high. As previous research has shown that spatial dependence between proximate regions in Europe is an important source for divergent growth opportunities in productivity and employment (Le Gallo et al 2011), we will control for this finding in our analyses by introducing ML estimation, which includes spatial lags, using inverse distance weighting matrices 3 .
Modelling outcomes
This section discusses modelling outcomes presented in Tables 1, 2 and 3 for employment growth, productivity growth and unemployment growth, respectively. The models are constructed in similar ways, starting with an OLS model, then moving to a ML spatial-lag model that corrects for spatial dependence (the spatial lag variable is denoted as w_growth in the Tables), and finally moving into a ML-spatial lag model that decomposes the observation into the following two regimes, which are estimated simultaneously and which we wish to use to test our hypotheses: the regime of large and capital regions and the regime of medium-sized and smaller regions. The model fit usually increases over these successive modelling steps, the significance of spatial regimes are indicated by the outcomes of a spatial Chow-Wald test, and variables that significantly differ from each other over regimes are presented in boxes in the tables. Due to space limitations, we focus on our four hypotheses in our discussion of the outcomes. Hypothesis 1 links related variety to employment growth positively and to specialisation negatively. Table 1 shows that that this hypothesis is confirmed in the OLS model (1) and the spatial lag models (2) and (3). The regime analysis in column (4) shows that this relationship particularly holds true for medium-sized and smaller regions and not for larger capital regions. Hypothesis 2 positively linked specialisation to productivity growth. Table 2 confirms this for all models and all regimes applied, indicating that this relation is very robust. The regime analysis shows that large urban and capital regions feature a stronger relationship between specialisation and productivity growth compared to medium-sized regions. The third hypothesis proposes that unemployment growth is negatively related to unrelated variety (portfolio argument). The findings presented in table 3 indicate that this hypothesis is rejected for all specifications. The reasons for this finding may be diverging national regulations and institutions in Europe, which cause national regimes to exist across the continent. This finding also indicates that for this variable, pan-European relations highly diverge from those found at individual country levels. Our fourth hypothesis, stating that regions of all sizes are involved in growth accounting, is confirmed. Employment growth is more naturally suited in mediumsized regions, whereas productivity growth is enabled by specialisation patterns in both large and medium-sized regions (with a higher coefficient being found in large urban regions).
Conclusions and discussion
This paper introduces indicators of regional related variety and unrelated variety to conceptually overcome the current impasse in the specialisation-diversity debate in agglomeration economics. Although various country-level studies have been introduced on this conceptualisation in recent years, a pan-European test has until now been missing from the literature. A pan-European test is more interesting than country-level tests, as newly defined cohesion policies, smart-specialisation policies, place-based development strategies and policies aimed at fostering competitiveness may be served particularly well by related and unrelated variety conceptualisations.
We empirically investigated the contribution of agglomeration economies to economic growth in European regions while separating regions by size. A conceptual discussion on development burgeons between, on the one hand, spatially blind approaches that argue that intervention regardless of context ("people-based policy") is the best means of development and, on the other hand, place-based approaches that assume that interactions between institutions and geography are more critical for this purpose. This idea has recently been translated into a focus on either the largest urban concentrations ("people-based policies") or an urban network setting combining clusters of cities ("place-based policies"). Our framework combining productivity growth and employment growth shows that spatial regimes classified by the regional size of urban areas differ significantly in both sets of models, confirming their joint significance. In medium-sized urban regions private R&D and specialisation levels (inter alia) are especially important in relation to productivity growth, and sectoral specialisation (negatively), related variety and the openness of the economy (inter alia) are especially important in relation to employment growth. In large urban regions, population density (negative), educational level, public R&D and the degree of specialisation (inter alia) are relatively more important for productivity growth. The outcomes of these analyses suggest particular roles in development processes for medium-sized ('second-tier') urban regions alongside the largest urban regions. This marked regional heterogeneity indicates that microeconomic processes play out differently in different regions, thereby confirming that European place-based policy strategies may play an important role for regional development alongside place-neutral (people-based) policy strategies. However, this heterogeneity also suggests that, similar to European regional innovation patterns, which are differentiated among regions according to their regional context conditions (Camagni & Capello 2013) , regional heterogeneity and inter-regional network positions support the careful consideration of how 'smart specialisation' is evaluated in Europe (Thissen et al 2013) .
The hypothesised relationship between unemployment growth and unrelated variety is not confirmed in our first pan-European exercise. This finding suggests that national regulations and institutions in Europe cause the pan-European model to deviate from national models.
More research is needed on this issue. In addition, future work should pay more attention to causality (i.e., whether variety induces development or whether developing regions create more variety), panel estimation to ensure the robustness of the relations found, the testing of other types of spatial heterogeneity (e.g., cohesion regions versus core regions, or university regions versus non-university regions), and continuous space modelling of firm-level data to avoid spatial scale and selection processes. Recall that our analyses (also) do not address many of the critiques formulated in the meta-analyses on measurement and selection issues.
This paper does show that conceptual renewal may represent a fruitful and exciting way to advance the debate on agglomeration and spatial heterogeneity in light of European reforms and policy formulations.
